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Material and Methods
Dual Luciferase Assay
Huh 7 cells were seeded in 24 well plates using DMEM medium supplemented with 10 % Fetal Bovine Serum. The cells were kept overnight in CO 2 incubator at 37° C. Once the cells reach about 70-80 % confluency, they were transfected with bicistronic plasmid using Lipofectamine 2000 in OPTI-MEM medium following standard transfection protocol. Transfecting medium was removed and DMEM with 10 % FBS was added to the cell and kept overnight. Compounds were then added and cells were further kept in the incubator for 24 hours. The medium was removed; cells were washed with PBS and lysed using 1X Passive Lysis buffer from Promega. The Luciferase activity was checked using Dual Luciferase assay substrate from Promega as per protocol using a Glomax 20/20 Luminometer. Results were analyzed and plotted using Graphpad Prism 7.
Mutational Studies
The HCV IRES mutational experiment was done using QuikChange II Site-directed Mutagenesis kit from Agilent. The primer sequence used for the A57U mutation was sense primer: 5'-CCCCTGTGAGGAACTTCTGTCTTCACGCAGA-3' and antisense primer: 5'-TCTGCGTGAAGACAGAAGTTCCTCACAGGGG-3'. All mutations were verified by DNA sequencing prior to being used for dual luciferase assay.
HCV Replication Inhibition
Effect of compounds on HCV replication was measured using HCV-replicon cell line (Huh7 cells harboring HCV sub-genomic replicon RNA). These cells were treated with either DMSO control or test compounds at different concentrations for 5h. After 5h, fresh medium was supplemented, and the cells were then harvested 48 h post treatment. Total RNA was isolated from the harvested cells using Trizol Reagent. Changes in the HCV RNA were measured using RT-qPCR. GAPDH was used as an internal control.
Annealing of HCV subdomain IIa RNA
RNA oligo of sequence wild type (5'-GCGUGUCGUGCAGCCUCCGG-3' and 5'-CGGAGGAACUACUGUCUUCACGCC-3') and A57U mutated (5'-CGGAGGAACUUCUGUCUUCACGCC-3') were purchased from IDT USA. Equal amounts of the oligo dissolved in HEPES buffer were mixed and heated at 91°C for 5 mins and cooled gradually so that the RNA oligo is annealed to each other. The RNA was quantified using a spectrophotometer and the annealed oligonucleotide was stored at -80° C before use.
Circular Dichroism
The CD experiments were performed in a Jasco 814 CD Spectrometer in 10 mM NaP buffer supplemented with 1% DMSO and MgCl 2 for the titration experiments as per requirements. Annealed HCV IRES domain IIa RNA was mixed without and with increasing concentration of compounds and measured using a scan speed of 50 nm/min. Minimum of 2 accumulations were taken per sample concentrations and all data were done in triplicates. The data were analyzed using Graphpad Prism 7.
DNA Gel Shift assay
The pBR322 plasmid DNA used for the DNA gel shift assay was purchased from Thermo Fisher Scientific. 10 mM Tris Cl buffer (pH 7) and 10 mM Nacl was used with 40 µM of the pBR322 plasmid DNA and different concentrations of the compounds were added (calculated as compound: DNA base pair ratio) and incubated for 4 hours at 37 °C. Samples were run in 1 % Agarose gel at constant voltage of 50 V for 3 hours. Gels were stained with EtBr (1 μg/ml) at room temperature for 5 mins and developed in a Gel Doc imaging system from Bio-Rad and results were analyzed using Image Lab software.
Cytotoxicity assay
Huh 7 and HEK 293 cells were seeded in a 96 well plate in DMEM medium supplemented with 10 % FBS. Cells were incubated in a CO 2 incubator at 37° C overnight. Compounds were treated keeping a final concentration of DMSO at around 0.5 % for 24 hours in the incubator. MTT solution was added to each well and incubated for 3 hours in the CO 2 incubator. Media was discarded and equal amounts of DMSO were added to each well and shaked at room temperature for 20 mins in dark. The plates were analyzed using a multiplate reader and absorbance was measured at 595 nm.
Molecular Docking
The crystal structure of HCV IRES domain (PDB ID: 2NOK) 1 was retrieved from Protein Data Bank 2 and used as a receptor for docking. The receptor was prepared using protein preparation wizard of Schrodinger suite. 3 All the ligands were prepared using Ligprep wizard 4 of Schrodinger suite, which generate energy minimized structures with various ionization states, stereo-chemistries, tautomer and ring conformations. The docking was performed using rDock 5, 6 docking tool. The binding cavity was defined by using 3D coordinates of binding residues of known ligand benzimidazole. During docking, the receptor was kept rigid and ligands were treated as flexible to produce different docking solutions. Post-docking minimization was performed to improve the geometry of the docking pose. The docking poses were ranked on the basis of rDock Score and top most docking pose was selected.
Molecular dynamics simulations
The receptor-ligand complexes obtained from docking analysis were subjected to molecular dynamic simulation to study the ligand mediated structural change in HCV IRES domain. The molecular dynamic simulation was carried out using GROMACSv4.5.3 simulation package. 7 Coordinates and topology files of receptor molecule were generated with Amberff99bsc0χOL3 force field. 8 The topology and coordinate files of ligands were generated using ACPYPE (Antechamber Python Parser interface) 9 and Amberff99bsc0χOL3 force field. 8 The receptor-ligand complex was reconstructed by editing the topology and coordinate files of receptor and ligands. A cubic simulation box was defined and filled with TIP3P water molecules. 10 The simulation box was defined in such a way that the receptorligand complex was placed at least 1.0 nm from edge of the box. To neutralize the system, Na + was added. After building the solvated system, two-stage minimization of the system was performed using steepest-descent 11 and conjugate-gradient 12 minimization algorithms. Following minimization of the system, five equilibration steps (each for 100 ps) were performed to equilibrate the system. The system was equilibrated under NVT (constant number of particles, volume, and temperature) and NPT (constant number of particles, pressure, and temperature) conditions at a temperature of 300 K and 1 atm pressure. The temperature and pressure were kept constant by the Berendsen temperature coupling method 13 and Parrinello-Rahman barostat 14 methods, respectively. After equilibration step, final production run was performed under NPT condition for 30 ns at 300 K temperature and 1 atm pressure. During production run, leapfrog algorithm 15 was used for integrating Newton's equations of motion. The long-range electrostatics was calculated by the Particle-Mesh Ewald (PME) algorithm 16 . LINCS (LINear Constraint Solver) algorithm 17 was used to constrain the length of the bonds. The atom coordinates and trajectories were saved at every 0.002 ps.
After completion of MD simulation, the distance between terminal bases was calculated using g_dist utility of GROMACS package. S7 Figure S1 : Structure of monoquinoxaline derivatives used in the study. S8 Figure S2a : Cytotoxic concentration evaluation for compounds 3d, 1a, 3a, 3b, 4a, 4b, 3c, 4c and 4d by a colorimetric based assay (MTT assay) in Huh 7 cells. All data were done in triplicates and results were plot using Graphpad Prism 7. Error bars represent standard error calculated from three independent experiments. S9 Figure S2b : Cytotoxic concentration evaluation for compounds 3e, 4e, 4f, 5d, 3b', VA and VB by a colorimetric based assay (MTT assay) in Huh 7 cells. All data were done in triplicates and results were plot using Graphpad Prism 7. Error bars represent standard error calculated from three independent experiments. S10 Figure S3a : Cytotoxic concentration evaluation for compounds 3d, 1a, 3a, 3b, 4a, 4b, 3c, 4c and 4d by a colorimetric based assay (MTT assay) in HEK 293 cells. All data were done in triplicates and results were plot using Graphpad Prism 7. Error bars represent Standard error calculated from three independent experiments. S11 Figure S3b : Cytotoxic concentration evaluation for compounds 3e, 4e, 4f, 5d, 3b', VA and VB by a colorimetric based assay (MTT assay) in HEK 293 cells. All data were done in triplicates and results were plot using Graphpad Prism 7. Error bars represent standard error calculated from three independent experiments. The mono quinoxaline part of the molecules is marked in green. The docking orientation and region of docked monoquinoxaline part was found to be similar in case of 3b and 4d where the docked mono-quinoxaline parts were facing outside of the RNA groove (pre MD simulation). In the representative docking pose for 4a, the monoquinoxaline part was docked in the subdomain IIa at regions similar to that of 4d and 3b but the orientation of NO 2 was pointing inside of the groove (pre MD simulation). N 2 -(4-aminobenzyl)-N 3 -(3-(4-methylpiperazin-1-yl) -(((3-((3-(dimethylamino) N-(4-(((3-((3-(dimethylamino) (((3-((3-(4-methylpiperazin-1-yl) (((3-((3-(4-methylpiperazin-1-yl) (((3-((3-(4-methylpiperazin-1-yl) 
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